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Abstract 
Recently, energy service providers(ESP) have increased due to deregulation in the power market. They install energy supply 
equipment at their own cost and supply the necessary energy to the client. The Tokyo Metropolitan Government started Asia's 
first cap-and-trade program in April 2010. This program caps energy-related carbon dioxide emissions from some 1,330 offices 
and factories in Tokyo. Then, ESPs have to manage the many risks of energy service project directly linked to the profits. In this 
paper, YGdescribes the risk analysis and investment optimization for energy service projects using financial engineering. 
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1. Introduction 
The commercial sector’s greenhouse gas emissions are increasing in Japan. Gas cogeneration (CGS) is a 
practical solution to global warming. Recently, energy service providers(ESP) have increased due to deregulation 
in the power market. They install energy supply equipment at their own cost and supply the necessary energy to the 
client. The Tokyo Metropolitan Government started Asia's first cap-and-trade program(Tokyo-ETS) in April 2010. 
This program caps energy-related carbon dioxide emissions from some 1,330 offices and factories in Tokyo. Then, 
ESPs have to manage the many risks of energy service projects directly linked to the profits. 
This paper describes the risk analysis and investment optimization for energy service projects using financial 
engineering.First, financial risks of energy service projects are analyzed using Monte Carlo simulation of a 
discounted cash flow (DCF) model as a case study of an office building, a city hotel ,a hospital and a department
storeunder the Tokyo-ETS. The results of simulation show the risk profile of each building. Second, portfolio 
effect is analyzed for bundling these case study projects. Therefore these portfolios indicate that reducing the risks 
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and Modern Portfolio Theory is applicable to real asset projects as the optimizing investment. Existing research
(Bannai et al.2005) deal with individual risks like fuel prices using financial engineering, but there is little study of 
compound risk that includes political risks like Tokyo-ETS. This paper shows practical analysis that considers the 
compound risk, inclusive of political risks like Tokyo-ETS and compares it to existing research.  
2. 2. Research Methods  
2.1. Research Flow 
We study the following the flow. The simulation of risk analysis is using the software "Crystal Ball”  that is risk 
analysis and simulation tool.  
Ԙ Setting Business model 
ԙ Set up the facilities and operation systems 
Ԛ Calculation of base-Scenario 
ԛ Risk Analysis 
Ԝ Evaluation of Portfolio   
2.2. Business Model Set  
2.2.1. The business model 
The business model is that ESP installs the CGS at the facilities that used a heavy oil boiler. ESP install it at their 
own cost and supply the necessary energy to the client  and charge the cost of energy services as electricity and heat 
rates.  
2.2.2. Facilities and operation system  
Energy services facilities for the project are office buildings, hotels, hospitals, and department stores. Total floor 
area and energy demand of each facility, and a summary of CGS are shown in table1, table2.  
 





Top: Load Peak (Electricity: W/΃, Others: kJ/΃㨯h) 
Bottom: Annual Load (Electricity: kWh/΃, Others: MJ/΃) 
Electricity Hot water supply Heating Cooling 
Office building 72,000 
38.80 0 81.30 227.00 
194.00 0 95.00 434.00 
Hotel 75,000 
30.17 93.99 111.90 173.45 
188.00 293.00 293.00 418.00 
Hospital 56,000 
47.00 58.00 98.00 200.00 
242.00 168.00 159.00 368.00 
Department store 49,000 
77.20 0 34.60 161.00 
258.27 0 53.53 598.58 
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Table 2. Summary of  CGS System 
Install
System 
-Gas Engine (office building: 500kW × 2, Hotel:400kW × 2, Hospital: 400kW × 2, Department store: 400kW × 2 ) 
-Absorption Chiller, Heating HEX, Hot-Water Tank, Gas-fired Chiller/Heater, boiler (hotel, hospital) 
Operating 
condition 
-Power Load Following Operation  
-Load Factor: (30-100%) 
-Control Power Electricity Purchase: 6% of Peak Load 
-Operating Time:0:00-24:00(Hotel, Hospital), 8:00–22:00(Office building), 8:00-21:00(Department store) 
 
2.2.3. The calculation of the base scenario  
2.2.3.1. Energy consumption calculation  
Calculation of energy consumption is using the software “CASCADE”. Efficiency of the gas engine and results 
of calculation are shown in table3, table 4.  
 
Table 3.Coefficients of CGS  
 
Load factor 
25% 50% 75% 100% 
Generation Efficiency 28.1 34.9 39.0 40.5 
Heat Recovery Efficiency 42.8 36.9 33.7 33.2 
* Gross calorific term (HHV): 45.0MJ/m3,, Net calorific term (LHV): 40.63MJ/m3 
 
Table 4. Energy Consumption Calculation 
 Office building Hotel Hospital Department store 
Contract Demand  (kW) 1,844 1,510 1,872 3,023 
Generator Operating Time  (hour / year 䍃unit) 5,110 8,760 8,760 4,745 
Power Generation of CGS  (MWh / year) 5,110 7,005 6,999 3,796 
Evaluation of Efficiency   
 
Generator Load Factor (%) 100 100 99.9 100 
Heat Recovery Rate (%) 99.7 100 95.6 98.5 
Total Energy Efficiency (%) 64.6 64.7 63.4 64.3 
Dependence of CGS (Electricity) (%) 35.9 48.5 50.4 29.6 
Dependence of CGS (Heat) (%) 31.8 26.8 46.2 26.4 
Energy Consumption of Facility   
 
Electricity Consumption (kWh / year) 9,113,329 7,445,063 6,901,018 9,049,127 
Gas Consumption (Nm3 / year) 1,559,716 2,693,781 1,932,626 1,220,577 
CO2 emissions (t-CO2  / year)  
 
Before Installing CGS 7,498 10,692 7,792 6,554 
After Installing  CGS 6,494 8,164 6,327 5,828 
CO2  Reduction Rate 13.4% 23.6% 18.8% 11.1% 
* CO2 emissions calculations are based on Verification guideline of Tokyo-ETS 
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2.3. Economical evaluation  
IRR (Internal Rate of Return) and NPV (Net Present Value) are calculated based on results of energy 
consumption using DCF(Discounted Cash Flow) . The premise and results of economic evaluation are shown in 
table5 and Table 6.  
 




Officebuilding, Department store: 300,000 JPY/kW 
Hospitals, Hotels: 350,000 JPY/kW 
Expenditure 
Cost of Sales Electricity and Gas purchase costs, Labor costs, Maintenance costs, Insurance, Property taxes, Depreciation 
Expenses 20% of Labor costs 
Non-Operating Expenses All financed by 10 year loans and initial cost equal to 2.5% interest rate paid annually 
Tax 41% 
Income 
Sales Price Officebuilding Hotel Hospital Department store 
Contract Demand Charge(JPY/kW) 80,722 114,530 79,379 47,520 
Electricity Rate (JPY/kWh) 6.00 4.89 6.01 6.61 
Gas Rate (JPY/m3) 1.67 1.36 1.67 1.84 
 
Table 6. Economic evaluation  
Target property Officebuilding Hotel Hospital Department store 
Initial Cost (thousand JPY) 210,000 420,000 315,000 240,000 
IRR (%) 5.3 6.7 6.1 6.34 
NPV (discount rate: 4.5%) (thousand JPY) 11,869 63,538 34,040 30,301 
 
2.4. Analysis of Financial risk 
2.4.1. The risk of projects under the Tokyo-ETS  
In this case study, the ESP guarantee the reduction of greenhouse gas emissions (if they can not reduce them, 
they are obligated to reduce emissions by trading). The premise of Tokyo-ETS in this case study is shown in table7.  
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Table 7. Precondition of Tokyo-ETS  
Base Year Emission Base year emission is based on Verification guideline of Tokyo-ETS  
Compliance period 
and Factor 
1st  Period : 2010 – 2014(5years), 8% 
2nd Period : 2015 - 2019(5years), 17% 
→ ESP assumes to guarantee CO2 emissions reduction for 1st and 2nd compliance period. (Projects start in 2010.) 
Allowanceallocation 
Grandfathering 






ˆ Banking is allowed. 
Methods of Emissions 
Trading  
In the case of reduction exceeding the obligation 
-1st Period: ESP banks the emission reductions to 2nd period.  
-2nd Period: ESP sells others the emission reductions at end of the 2nd period. 
In the case of reduction short the obligation 
-1st Period and 2nd Period ESP purchases the amount of shortage carbon credit at end of the each compliance period. 
Carbon Credit Price  10,000 JPY /t-CO2 
Case Study Non-Compliance Case VS Compliance Case 
 
2.4.2. Stochastic Modeling of risk factors  
Risk factors of this model are chosen energy demand, default risk (hotel, department store are targeted) and 
procurement costs of energy (electricity and gas price) .  
2.4.2.1. Geometric Brownian motion  
Energy demand and procurement costs of energy (electricity and gas price) are assumed to follow geometric 
Brownian motion. Volatilities of energy demand and energy procurement costs of each facility are using actual data 
for the past 20 years. 
 
dS (t) / S (t) = μ dt + σ dz (t) (1) 
S (t): Value of each risk factor, dz (t): Standard Brownian motion, μ: Expected growth rate, σ: Volatility  
Table 8. Precondition of Energy Demand 
 Officebuilding Hotel Hospital Department store 
Initial Value 100% 100% 100% 100% 
σ 3.58% 8.07% 11.16% 5.13% 
 
Table 9. Precondition of Electricity and Gas Rates  
 Electricity Gas 
Initial Value Scenario-based settings 
σ 3.51% 8.34% 
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2.4.2.2.  Yes - No distribution (binomial random process.)  
Yes-No distribution is a kind of binomial probability that is included in “Crystal Ball”. Default probability 
assumes a Yes-No distribution. Hotel and department store default probability are based on the cumulative average 
default rate (BBB rated above). If the project defaults, CGS equipment can be sold as 50 percent remaining assets.  
 
2.4.3. Monte Carlo DCF  
The results of Monte Carlo simulation DCF (50,000 times) are shown in Figure 1to Figure 4. Under the Tokyo-
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Figure 4.Department store (NPV) results  
 
3. Results and Discussion  
3.1. Portfolio Effect  
Portfolio Effect is analyzed by bundling multiple facilities under the Tokyo-ETS.  
3.1.1. The portfolio effect (economics)  
In the obligated case, if CO2 emissions reduction obligations of each facility are excess or shortfall, ESP can 
trade them by Bundling the projects (Office building, hotel, hospital, and department store).The results of simulation 
is shown in Figure 5. 
3.1.2. The portfolio effect (CO2 emissions)  
The probability of achieving CO2 emissions reduction obligations of each facility and bundling projects are 
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3.1.3. The optimal portfolio  
In the case of asset allocation of financial assets, we can invest flexibly on the efficient frontier curve according 
to budget, butin the real projects like this study, ESP can’t invest flexibly.The results of portfolio are shown in 
Figure 7 using the IRR, standard deviation and correlation coefficient. 
It shows that efficient frontier (in the case of flexible investment) and Combination of real project (in the case of 
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Table 10. Probability of Achieving CO2 Emission Reduction Obligation (%)  
 1st Compliance Period 2nd Compliance Period 1st and 2nd Compliance Periods 
Office building 86.5 25.9 49.9 
Hotel 98.1 75.7 89.6 
Hospital 81.7 57.0 67.6 
Department store 65.9 33.4 42.0 
Total 04 Facilities 97.9 49.1 79.6 
 
Table 11. Precondition of Calculation Efficient Frontier  
 IRR Standard Deviation Correlation Coefficient 
Office building 5.2% 2.3% 1.00    
Hotel 5.5% 8.4% 0.27 1.00   
Hospital 5.7% 6.4% 0.29 0.14 1.00  












Combination of Real Projects
 
Figure 7. Efficient Frontier and Combination of Real Projects  
3.2. Conclusion  
The probability of achieving CO2 emissions reductions obligations of Hotel is higher, but office and department 
store is lower in second period, so that they have to reduce more CO2 emissions by installing other energy 
conservation techniques or trading credit. So that bundling the projects can reduce the riskunder the Tokyo-ETS 
and increase the NPV from portfolio analysis. 
 If ESP attempt to build optimal portfolios, they can’t make utilize flexible asset allocationin the case of 
bundling multiple facilities. Therefore ESPs consider their budget, project return and volatilityin the real project
when they invest.  
We are continuing to research the portfolio effects in the case of further increased facilities and renewable energy 
projects.   
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